To process biomass energy successfully, it is necessary to incorporate a number of criteria that can be assessed either quantitatively or qualitatively for various biomass scenarios. It is also important to take into account the local people's preferences and interests in the decision-making process. In this study, preferences of various stakeholders on rice husk use, such as urban households, rural households, rice mill owners, brick kiln owners, government officials, and scientists, were investigated using the Analytic Hierarchy Process. The results were incorporated with objective evaluation that was derived from Life Cycle Assessment. A holistic evaluation of rice-husk use scenarios was conducted. The results showed that rural households, rice mill owners, and brick kiln owners still want to use rice husk in conventional ways, while urban households, government officials, and scientists prefer to use rice husk with new technologies. The results reveal the aspects that each stakeholder thinks important and the conflicts between stakeholders. These can help government officials grasp the preferences of the local people which is important information for decision-making.
Methods

Target Technologies and Scenarios
and Figure 1 show the various rice-husk use scenarios developed in our previous studies. Rice husk can be used for direct combustion, gasification, and pyrolysis as well as for traditional uses like cooking and brick production. To overcome the disadvantages of bulkiness, rice husk can be also be compressed as briquettes. The detailed fuel allocations based on supply and demand in An Giang Province are shown in our previous study [8] . 
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Hierarchy Structure and Scenario Evaluation Framework
The first step in AHP is to build a hierarchy structure for the target objective. The objective should be placed at the top of the hierarchy, while the important attributes to determine the objective are placed in the second layer. The second layer attributes can be divided into sub-attributes, which are placed in the third layer. This way, the breakdown of each attribute can be made. Finally, alternative scenarios are placed at the bottom of the hierarchy. All attributes and scenarios are connected by lines; a pair-wise question is needed for each line to estimate the weight of importance. The basic hierarchy considered in this study is shown in Figure 2 . The objective for this study, which is placed on top, should be "evaluation of rice-husk use". The important aspects for the objective are "environmental impacts", "cost", "safety", and "convenience", which are placed in the second layer. "Environmental impact" can be divided into "global warming", "water pollution", "air pollution", and "waste generation"; these aspects are then placed in the third layer. Then, the developed 18 scenarios can be placed at the bottom.
However, if the basic procedure is applied into weighting the 18 scenarios, the number of pair-wises becomes too huge: six ( 4 C 2 ) for four attributes, six ( 4 C 2 ) for four sub-attributes, and 1071 (7 * 18 C 2 ) for 18 alternative scenarios are needed, resulting in 1083 pair-wise questions. This number is not realistic for the face-to-face questionnaire survey. Besides the huge number of pair-wises, it is difficult for people to compare the scenario itself because each scenario has various fuel allocations. To reduce the pair-wise number and evaluate all scenarios, the AHP procedure was modified.
As shown in Figure 3 , the hierarchy was modified to include only each attribute without the scenario evaluation. The modified AHP needs six pair-wises for four attributes and 22 pair-wises for sub-attributes, resulting in only 28 pair-wises in total.
When the scenarios are separated from the hierarchy structure, the evaluation method for each scenario must be prepared. Figure 4 shows the framework of the scenario evaluation. The scenarios are ranked using LCA re- sults or fuel allocation, and then AHP-weights are multiplied. From the viewpoints of "global warming", "air pollution", and "cost", the scenarios are ranked based on LCA estimation [7] [8]. For "water pollution" and "waste generation", the importance of each scenario is assumed to be the same and equal ranks are adopted for all the scenarios. For "safety", the allocated ratio (%) of rice husk for each technology was multiplied by the AHP-weight of each technology. For "convenience", the fuel allocation (%) based on the inputted low heating values was multiplied by the AHP-weight of each fuel, and the scenarios are ranked from the best. The rank of each attribute is multiplied by the AHP-weight of the attribute, and the seven indexes are calculated. For example, in the case of "global warming", the scenarios were ranked from the worst based on the LC-GHG results [7] and the rank was multiplied with the "global warming" weight and the "environmental impact" weight derived from AHP, resulting in the index of global warming. After calculating the seven indexes, they are summed-up and the final evaluation index is gained. To evaluate each scenario based on the above procedure, sub-attributes for "safety" and "convenience" are set up as shown in Figure 3 . Since each scenario has fuel allocation for each technology and fuel, the technologies and fuels are placed as sub-attributes under "safety" and "convenience", respectively.
Questionnaire Design and Answer Method of a Pair-Wise Question
The questionnaire consists of three parts. In the first part, the demographics, such as sex, age, education, and income, are asked. In the following section, explanations about questionnaire objectives, environmental impact, cost, safety, and convenience features, and the various ways rice husk may be used, are provided. From this section, an interviewee can fully understand the aims of the questionnaire. Interviewees were also given explanations about terminologies that were used in the questionnaire. In the last part, 28 pair-wise questions are asked to clarify the respondent's preference. The base questions asked are as follows:
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Stakeholder Selection
Regarding the use of rice husk, six different stakeholders were selected: rural households (Rural-H), urban households (Urban-H), rice mill owners (RMO), brick kiln owners (BKO), government officials (GOV), and scientists (SCI). For the selection of respondents, random sampling was used except for GOV and SCI. Rural-H and Urban-H respondents were selected from the address lists of 4 rural districts (Cho Moi, Thoai Son, Chau Thanh, and Chau Phu) and 2 towns (Long Xuyen City and Chau Doc Town), respectively. The respondents were selected in a fixed interval from the address lists by the local government. RMO and BKO were chosen from the rice mills and brick kilns registered in the People Committee Office. The total numbers of rice husk mills with capacities above 100 t/d and brick kilns in the target area are about 200 and 300, respectively. Among them, we randomly selected 20 mills and 20 kilns. The chairs, vice-chairs, and managers at the provincial and district levels, as well as managers from the Department of Nature and Environment and the Department of Science and Technology were selected for GOV. For SCI, professors from the School of Technology and from the School of Economics in An Giang University who well know about the local situation about rice husk were selected. The sample size for each stakeholder is shown in Note: [i] 15 males and 15 females from 20 to 50 years old; [ii] 20 males and 20 females from 20 to 50 years old.
Survey Method
The questionnaire surveys were conducted from November 23 to December 18, 2013 in the An Giang Province through face-to-face interviews. Five An Giang university students were trained as interviewers to help in the survey. An interview lasted 1.5 hr or more.
Procedure of Calculation
The weight of each attribute was calculated following the eigen-vector procedure [9] . After obtaining the pairwise judgments, Saaty's scale (9 to 1/9) is applied to change the results into a pair-wise matrix. The normalized matrix is gained by dividing each element by the column-wise summation of the elements. Then, the eigen-vector is calculated by averaging the element in rows. Each element of this vector represents the weight of importance.
The eigen-value (λ max ) is determined by using the relationship, Aw = λ max w. Then, the consistency index (CI) was calculated based on the following equation:
n: number of evaluating factor. λ max : the maximum eigen-value of the matrix. CI is used to determine and justify the inconsistency in the pair-wise comparisons made by the respondents. If CI = 0, then the answers of the respondent is completely consistent; if CI = 1, then the answers are completely inconsistent. Saaty suggested that answers within CI ≤ 0.1 are acceptable. However, in practice, a CI of more than 0.1 has sometimes been accepted [11] . Some previous studies used 0.2 instead of 0.1 as CI criterion [12] [13]. In this study, a CI criterion of 0.2 was used. Answers with CI ≥ 0.2 were excluded as inconsistent. Figures 6-9 show the estimated weight for each attribute. The figure shown in each column represents the weight of importance of the attributes, which was calculated based on the eigen-vector procedure. When the attributes from the viewpoint of "effective rice husk use" in the second level were compared (Figure 6 ), "safety" was given the highest priority by Rural-H, Urban-H, and GOV, while "cost" was given less priority. On the other hand, the business people, such as RMO and BKO gave the highest priority on "cost". They put off the environmental features of rice husk use. The stakeholders' prioritization of the different environmental issues is shown in Figure 7 . "Water pollution" was given the most attention by almost all stakeholders and only SCI made "air pollution" the first priority. Figure 8 shows the stakeholders' preferences on the different technologies from the viewpoint of "safety". The preferences varied among the different stakeholders. Rural-H gave highest preference on conventional technologies, such as cooking and brick making. On the other hand, GOV gave the lowest priority on conventional technologies and gave high priority on innovative technologies relating to power generation. Similar preferences for the new technologies were also found in Urban-H. From the viewpoint of "convenience", as shown in Figure 9 , the priority weights of LPG were quite high, ranging from 0.37 to 0.51 among five fuels. Briquette, coal, and fuel wood showed similar priority weights. Only BKO gave relatively higher priority on rice husk. After the calculation of weight in each level, the absolute weight of each attribute in the whole hierarchy was calculated by multiplying all the umbrella weights for the attribute. For example, the absolute "global warming" weight is determined by multiplying the weights of "environmental impact" and "global warming". The calculated absolute weights can be directly compared between the different stakeholders. The attribute showing ≥0.1 were picked up and shown in Table 3 . While the rural households, rice mill owners, and brick kiln owners paid attention on cost and safety of current uses, the governors paid attention on "water pollution" problem, "safety", and "convenience" of new technologies.
Results
Preference on Each Attribute Based on AHP
Scenario Evaluation Incorporating AHP Results
The ranks based on LCA estimation and fuel allocation are shown in Table 4 . In the cases of "safety" and "convenience", the fuel allocation for the technology was multiplied by the AHP weight of the fuel or the technology. Based on the indexes, the overall rakings of all scenarios were calculated as shown in Table 5 . From the results 
